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antigen gene; CTA gene̵(Ĕ/@&	?̴ 1-1̵̷CTA. 1991Ţ+ T.Boon=+<#&á9&ċł@
 ̷}jzÖ-ɚɿÈŅŽ Tɚɿʼ˃?ƍýÞĽ(&ċł@ -̶MAGE-1'>̶
@ɔř+	&:ȫțʬ=@  9̶CTA'?(@ 1̷-Ų̶Džɴ-ʍťǖµ;Dž
ɴ-ʡǿ-ƍµCȠ	 ZPhQ*)-ɞǌ̶ĵƫ- CTA(̶@=CTf?˴¯Ľċ
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2.1. ɦ  ʲ
ÀıĿ³ˁƬ(2016)+	&̶CTA˴¯Ľ-0($'? Fthl17 (Ferritin, heavy polypeptide-like 17)+ȶȲ
̶ȫțåŵǟǚ+$	&ˡ3 ̷Fthl17.Ř 4ĝĽ-Ãʨ(*# 24˴¯Ľ-
"-$'>̶
6 ̶XǏʔµ-Hse˴¯Ľ'? 11̷<#&̶CTA˴¯Ľ-':̛ş+ʒēǼ	˴¯Ľ




























2.2.1. ¹Ƞ ɚɿɃ 
ɺDɚɿǒ̴KLN205̵.ǇóĶĿì̳ôĿȹɇƉôȠɚɿˉȄ\_<>»@ :-'
?̷KLN205.MEM(Sigma-Aldrich)+ɛȋŨ 10%+*?<
+ FBSCǾì̶MEM Non-Essential Amino 
Acids (NEAA) (Gibco)CǾì MEMĨĤ'̶37̶5% CO2HOu_+&Ĩ̬Cʢ*#  ̷
ɔýţɚɿ̴Germline stem cells; GSCs̵.¤˷ĶĿĶĿ̊ôĿȹɇɀ-ɒýÏȞ+Þ&̠	 ̷ĨĤ
.̶StemPro-34 SFM (Gibco)CuZ+ StemPro supplement (Gibco)̶25 µg/mlHZ (Sigma-Aldrich), 
100 µg/ml eZqJ (Sigma-Aldrich), 60 µM seX(Sigma-Aldrich), 30 nM ¡\˻ge
I| (Sigma-Aldrich), 6 mg/ml D-(+)-QTZ (Gibco), 30 µg/ml po˻ (Gibco), 1 µl/ml DL-˻ 
(Sigma-Aldrich), 5 mg/ml bovine albumin (Sigma-Aldrich), 2 mM L-Q_{ (Gibco), 5×10−5 M 2-}Mse
K_j (Sigma-Aldrich), MEM o_{Ȇǻ (Gibco), MEM NEAA (Gibco), 10−4 M FZTo˻ 
(Sigma-Aldrich), 10 µg/ml d-oLa (Sigma-Aldrich), 30 ng/ml b-KZeYL (Sigma-Aldrich), 60 
ng/ml sSZc (Sigma- Aldrich), 20 ng/ml zIZȯɚɿƇ̂ĝĽ (Sigma-Aldrich), 10 ng/ml ne
ɧɣʕɚɿįǥĝĽ (Sigma-Aldrich), 103 U/ml leukemia inhibitory factor (millipore), 10 ng/ml Toge
beQFɚɿǒȢǆȿɝǑ̬ĝĽ (R&D Systems) ̶1% FBS (Morgate)CǾì :-CĨĤ(&
Ƞ	 ̷GSɚɿ.zHezHX CÜȝ zIZɽÒɧɣʕɚɿ̴mouse embryonic fibroblast; MEF̵
CqG`ɚɿ(̶Ĩ̬Cʢ*# ̷  
 
2.2.2. ɚɿ-ɢ«Ĩ  ̬
 Ĩ̬ņěÖ-ĨĤC̋þ̶PBS'ɚɿŗ-ǵǸC 2Ũʢ# ̷PBSC̋þ̶0.25% Trypsin-EDTA 




ò ̷-ɚɿƆȊǻCŞ˽&̶Ư	 60 mmdGbX+ƤɃ ̴1/5ɢ«̶1/10ɢ«̵̷ȂŨ
37- CO2HOu_Ö̴Ǭȴǅ­ 5% CO2̶95% Air̵'Ĩ̬Cʢ#  ̷
 
2.2.3. ˴¯Ľȫț̀ʱǉ̴Real-time PCR̵ 
ɚɿVs=- cDNAɔʩǲ̶˴¯Ľȫțʱǉ-Ƨ¸+$	&ˡ3?  ̷
Total RNAɔʩ+. RNeasy Micro Kit (QIAGEN, Cat.No.74004)̶RNeasy Plus Mini Kit  (QIAGEN, 
Cat.No.74136)CȠ	 ̷ƐÝƧ¸.̶Ǚ,@@-Obe+ªŖ-seT+ų#&ʢ#  ̷
 10
Ŵ=@ total RNACȠ	&̶ˣ˔ÙĂŻCʢ	̶cDNACĊƇ ̷¬+Ɗ̡Cʶ  ̷
ɔʩ total RNA(water'Ċʳ 11.7 µl+*?<
+ˀʩ ̷- RNAȆǻ+ 0.3 µl- Random 
primer (promega, Cat.No.C1181) ( 1 µl- 10 µM dNTP (Roche)Cì̶ǽĊ& RNA mixture( ̷-
RNA mixtureC 65̶5 minHOue Ų̶Ǯ' 1 min̚ɯ ̷- RNA mixture+ 4 µl-
5x First-Strand Buffer, 1 µl- 0.1 M DTT̶1 µl- SuperScriptIII (Invitrogen, Cat.No.18080093)̶1 µl- RNase 
inhibitor (Promega, Cat.No.N2611) Cì̶ǽĊ ̷-mixtureCVzVHP'ˣ˔ÙĂŻ
 ̷ĂŻǅ­. 25, 5 min	50, 60 min	70, 15 min'?̷ĂŻŲ̶1 µl RNase H (Invitrogen, 
Cat.No.18021071)Cì& 37, 20 minHOue?('̶RNAC̋þ ̷ĊƇ cDNA.-
30'¿ľ  ̷
sHz-ʷʳ.̶Primer3 (v.0.4.0) (http://bioinfo.ut.ee/primer3-0.4.0/primer3/input.htm) +&ʢ# ̷ʷ
ʳǅ­(&.̶product size. 50-150 bp̶ primer size. 17-25 bp̴20 bpƻ˱̵̶primer TmÄ. 59-
61̴60ƻ˱̶ forward primer( Reverse primer-̄'Ŝ.̸¬Ö̵̶3’ǂɋ- 5Įĩ+G/Cƻ
Ķ 2$ľģ̶Max Self Complementarity. 8̶Max 3’ Self Complementarity. 3̶Max Poly-X. 4+*?<

+ ̷=+̶Objective Function Penalty Weights for Primers'.̶TmÄ Lt 0.5̶Gt 0.5̶Self 
Complementarity. 0.5̶3’ Self Complmentary. 1+*?<
+ ̷Objective Function Penalty Weights for 
Primer Pairs'.̶Tm Difference 0.5̶Any Complementarity 0.5̷ 3’ Complementarity 1+*?<

+  ̷
 6 ̶ʷʳ sHz.̶UCSC In-Slico PCR (http://genome.ucsc.udu/cgi-bin/hgPcr) +&ĉsHz
- TmÄ(įŠȟȕCȼʼ ̷6 ̶Primer-blast (http://www.ncbi.nim.nih.gov/ tools/primer-blast/) +&
ʷʳ sHz-ȖȦŽCȼʼ ̷  
 ʷʳ sHz.̶̴ǒ̵qEZzbPlHL+ĊƇCļʵ ̷¹Ƞ sHz.ʤ 2-1+
ʶ˘  ̷
SYBR Green+<? real-time PCR̴ł̀ȭ RT-PCR̵+<#&˴¯ĽȫțʱǉCʢ# ̷Real-time PCR
+. CFX-connect Real-Time PCR Detection System (BIO-RAD)C¹Ƞ ̷¬+Ɗ̡Cʶ  ̷
 ł̀ PCRȠsHz. 100 µM+*?<
+ buffer TE'Ş˽̶-30'¿ľ ̷@Cǭ' 10 
µM+Ş˽̶working stock(&¹Ƞ ̷10 µl- Power SYBR Green PCR Master Mix (Applied 
Biosystems, Cat.No.4368708), 0.5 µl- Forward primer (10 µM)̶0.5 µl- Reverse primer (10 µM)̶8.0 µl-ǭ
CǽĊ̶1 µl-cse(ĊB& 8˨ qPCRȠar+FsH ̷Run-ǅ­. 50, 2 
min	95, 1 min	(95, 15 sec	60, 1 min)x 45 cycles'ĂŻCʢ#  ̷
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Sj|DNA-ƐÝ+.DNeasy Blood & Tissue Kit (QIAGEN, Cat.No. 69504)C¹Ƞ̶BisulfiteĂŻ+.̶




nested PCR+<#&̶Ȳȭ̢ħ-įŠCʢ# ̷¬+Ƨ¸Ɗ̡Cʶ  ̷
 BisulfiteÜȝVsȠ- PCRsHz-ʷʳ.̶MethPrimer (http://www.urogene.org/cgi- 
bin/methprimer/methprimer.cgi) C¹Ƞ ̷ʷʳǅ­.̶Product Size: 500 (Max), Primer Tm: 57≦60≦63℃̶
Primer Size: 20≦25≦30̶Primer non-CpG ‘C’s: 4 (Min), Primer poly X: 5 (Max), Primer poly T: 8 (Max)'?̷
sHz. Buffer TE' 100 µM+ˀʩ̶water' 20 µM-ȋŨ+Ş˽&¹Ƞ ̷¹Ƞ sH
z-˸à.ʤ 2-1+Ƚ ̷1st round'.̶BIOTAQ HS DNA polymerase (5U/µl) (BIOLINE, Cat.No.BIO-
21047)C¹Ƞ, Bisulfite modified gDNA 2 µlCȠ	&ɥ̀ 20 µl+*?<
+ˀʩ̶VzVHP
'ĂŻCʢ# ̷1st round-ĂŻǅ­. 95, 10 min→(94, 30 sec→55, 30 sec→72, 1min)x40 
cycles→72, 10 min→4̶'?̷2nd round-ĂŻ'.̶1st round productC 1/200 :-C 2 µl¹Ƞ
 ̷2nd round-ĂŻǻ. Forward/Reverse inner primer (20 µM) CȠ	& 1st round(ċǛ+ˀʩ̶V
zVHP'ĂŻCʢ# ̷2nd round-ĂŻǅ­. 95, 10 min→(94, 30 sec→60, 30 sec→72, 
1min)x40 cycles→72, 10 min→4̶'?  ̷
 Ŵ=@ ȟȕC̕ǬǴð̶ȲȭįŠ˸àCŴ?̷ȟȕCǴðŲ̶UVCŮ&*=Ȳȭ˸à(żB@
?̢ħC̶}ZCȠ	&ß>Ý ̷ß>Ý S= DNACƐÝ?-+.̶QIAquick Gel 
Extraction Kit (QIAGEN, Cat.No.28704) C¹Ƞ ̷Ŵ=@ DNAȆǻ.NanoPhotometer'ȋŨĖˌ-
ȃłCʢ#  ̷
Ŵ=@ ȟȕ. pGEM-Teasy vector system I (Promega, Cat.No.A1360) CȠ	& TA-cloning ̷Ŵ=@ 




Ȳȭ̢ħ-Įĩ˸àCĄŴ? 9̶ABI PRISM 3100 (applied biosystems)CȠ	 ̷XPKZ+Ƞ	
?sHz. SP6 promoter primer (Promega, Cat.No.G5011), T7 promoter primer (Promega, Cat.No.Q5021)C
ĩǃȭ+¹Ƞ̶@=¹Ƞ'*	īĊ.XPKZsHzCʷʳ̶¹Ƞ ̷¹Ƞ s
Hz-˸à. 2-1+Ƚ ̷Ƨ¸Ɗ̡C¬+Ƚ  ̷
 Big Dye terminator ver1.1(Applied Biosystems, Cat.No.4337451), 5x sequence buffer, primer (10 µg/ml)CǽĊ
̶ĂŻȆǻCˀʩ ̷-ĂŻȆǻ( Plasmid DNACǽĊ̶VzVHP'ĂŻCʢ#
 ̷ĂŻǅ­. 96, 1 min	(96, 10 sec	50, 5 sec	60, 4 min)x25 cycles	4̴˲Ð̵̶'?̷
-ĂŻ'Ŵ=@ VsCK_jǰǧ̶ȑ ̷ HiDi Formamide (applied biosystems, 
Cat.No.4311320)'ȆÝ̶microtube mixer' 10 minǽĊ ̷95̶2 minHOue&ĳŽ






¯Ľ-Ƿ+ʱǉ̢ħCƙÓ uP_C in vitro'}aòÜȝ̶}aòuP_(̛}aò
uP_C@@ɚɿ+ŐÓ̶XqJ]ǶŽCȃł?̷@+<>̶ʱǉ̢ħ-}aòȗ
Ƅ+<#&ȫțʽŐ@?Cǖʹ'? 13  ̷
}aòy_Fb\H+¹Ƞ uP_-ƀĪC 2-3+Ƚ ̷Ȳȭ-ʱǉ̢ħCƙÓ?u
P_.w_- Luciferase˴¯ĽC:$ pCpGL-basicC¹Ƞ ̷6 ̶ǜȅò- 9̶I{XH_R
- Luciferase˴¯ĽC:$ phRL-TKuP_C¹Ƞ ̷pCpGL-basic.̶uP_Ö+ CpG˸àCƕ
 ̶}aò-Ű̟Cą*	lbPxuP_'?̷Ȳȭ˸à- 5’ǂɋÆ+ SpeI̶3’ǂɋÆ+
BamHI-˺ɘVHeCď8sHzCʷʳ̶Sj| PCR+&įŠ?̷́ĥDNA(&̶
C57BL/6J̑zIZ-ɔř<>ƐÝ Sj|DNAC¹Ƞ ̷Sj| PCR.KOD -Plus- ver.2 
(TOYOBO, Cat.No.KOD-211) C¹Ƞ ̷ĂŻǅ­. 94, 2 min	(98, 10 sec	55, 30 sec	68, 2 
min)x 30 cycles	4̶'?̷-ĂŻ'Ŵ=@ VsC̕ǬǴð̶Ȳȭ˸àCß>Ý ̷ 
KOD –Plus- ver.2+<?įŠ'.Ŵ=@ ȟȕ.šȇǂɋ'? 9̶ A-tailingCʢ*# -"+
pGEM-Teasy vectorCȠ	& TA-cloning ̷MbeaJbP+&̶Ȳȭ-HVeƙÓ@&	?
ĆʁŽ?(âƮ@ uP_+$	&̶XPKZ+<#&˸àCȼʼ ̷HVe̶lb
PxC@@ß>Ý̶TaKaRa DNA Ligation Kit <Mighty Mix> (TaKaRa, Cat.No.6023)CȠ	&H
SX ̷pCpGL-basic vector-PhQ+.̶competent cell(&One Shot PIR1 (Invitrogen, 
 13
Cat.No.C1010-10)C¹Ƞ ̷@.̶pCpGL-basic vector. P6K originCƕ#&>̶-DNAʪʩˏ
Ȍ+. pirȟȕźʫ'? 9'?̷6 ̷pCpGL-basic vector. zeocinɵŽ˴¯ĽCƕ#&	? 
9̶ĨĤ(& Low Salt LB zeocin+̶ŉķse(& Low Salt LB zeocin+ plateCȠ	 ̷}aòu
P_. SssI CpG}aeZqJ]̴BioLabs̵CǾì̶̛}aòuP_.Ǿì+
37' 2 hHOue ̷-Ųư+ S-adenosylmethionine (SAM)Cì&=+ 2 hHOu
e ̷@=CQIAquick Purification Kit (QIAGEN)CȠ	&ɔʩ̶Fb\H+Ƞ	  ̷
  
2.2.6. uP_-ɚɿ2-ŐÓ 
uP_-ŐÓ.yqJPXǲ+<#&ʢ# ̷ʺʝ.̶Lipofectamine LTX (invitrogen, 
Cat.No.15338100)C¹Ƞ ̷ɚɿƤɃ(ċƷ+uP_CŐÓ?lZeZqJPXCʢ
*# ̷ĩǃȭ*seTC¬+ʶ  ̷
 500 ng-uP_( PLUS Reagent 0.5 µl+OPTI-MEM (Gibco, Cat.No.31985-062)C˱̀ì̶50 µl+
 ̷6 ̶Lipofectamine LTX 2.5 µl+OPTI-MEM 47.5 µlCì̶50 µl+ ̷@=C@@ńȂ
' 5 min̚ɯ ̷-Ų̶@=-uP_Ȇǻ 50 µl( LipofectamineȆǻ 50 µlCǽĊ̶ńȂ' 30 
min̚ɯ ̷-ȆǻC̶ɚɿƆȊǻ 500 µl(ĊB& 24 well plate+Ƥ̶HOue  ̷
 
2.2.7. {j}_+<?XqJ]ǶŽ-ȃł 
XqJ]ǶŽ-ȃł+.Dual-luciferase Reporter Assay system (Promega, Cat.No.E1910)C¹Ƞ ̷
-XZc|.̶Ȳȭ-w_-XqJ]-ǶŽCI{XH_R-XqJ]+<#&ǜȅò
?('?XZc|'?̷@+<>̶uP_-ŐÓïȚ+<?ŜCȍʮ'?̷uP_C
ɚɿ+ŐÓ?̶̐pCpGL-basicuP_500 ng(̶phRL-TKuP_50 ngCÕŐÓ ̷uP_Ő
ÓŲ̶24 hr'ĨĤ£Ƣ̶48 hr+VsQCʢ# ̷uP_CŐÓ ɚɿC PBS' 2ĜǵǸ
 Ų̶1x PLB (Passive Lysis Buffer) 100 µlCì̶15 minƘ(
 ̷@+<>̶ɚɿȺİ@?̷
ȆʱǻCĜă̶+ȃłCʢB*	īĊ.-20'¿ľ ̷ȃł+. Lumat LB9507 (BERTHOLD)C
¹Ƞ ̷100 µl- LARII (Luciferase Assay Reagent II) C{j}_Ƞar+Þǳ ̷LARII
-Ó# ar+ 20 µl-ɚɿƆȊǻCì̶2̶3ĜpvbcGQ ̷{j}_+&̶6
w_-XqJ]-ǶŽCȃł̶100 µl- Stop&Glo ReagentCì̶Ʌ;+xcbPZ
 ̷-Ų̶I{XH_R-XqJ]ǶŽCȃł ̷{j}_-ʷł.̶w_-ȃł




5-Azacytidine (Active Motif, Cat.No. 14103)CɚɿĨ̬ĨĤ+Ǿì?('̶DNA-ʃ}aòCʢ*#
 ̷ĨĤ+ɛȋŨ 10 uM+*?<
+ 5-AzacytidineCǾì  ̷
 
2.2.9. ˔ÙĝĽɞĊ~aqʱǉ 
Ȳȭ̢ħ-˔ÙĝĽɞĊ~aqCƞə? 9+̶JASPAR database (http://jaspar.genereg.net) ̴90% 
cut-off̵;̶ConSite (http://consite. genereg.net) ̴85% cut-off̵C¹Ƞ  ̷
 
2.2.10. ɡʳʱǉ 
DNA}aòu-ɡʳʱǉ+.Mann- Whitney U- testCȠ	 ̷˴¯Ľȫț̀ʱǉ+. Student’s t- 
TestCȠ	 ̷@@ P-value < 0.05CƽƂŜ>(  ̷
 
2.3. ɞǌ 
2.3.1. GSɚɿ+? Fthl17Ƿ- DNA}aòȗƄ 
Fthl17.̶ɔýɚɿ=ǝɉ@ ɔýţɚɿǒ̴GSɚɿ̵+	&̱ȫțʬ=@?(Īđ@
&> 7̶-ȫț̀.ɔřÔµ(Ǫ3&ƽƂ+̱# ̴ 2-4A̵̷6 ̶Ƴľ-zHPFHd
_(GenBank accession number GSE4193) -Øʱǉ+<?(̶Fthl17-ȫț̀.̶mOcƿ-ɔǨɚɿ;
×ůɔĽɚɿ<>:ɔýɚɿ'̱*#&	 ̴ 2-4B̵̷ #&̶Fthl17.ǁÞòĥɔýɚɿ'
̱ȫțʬ=@?(Ƚ@  ̷
ǣşɺɜɭ;ɺDɚɿǒ̶ɔř(ċǛ+̶GSɚɿ+	&: Fthl17Ƿ-DNA}aòȗƄʱǉC
ʢ*# (A̶-0.3 kb= 0 kb̴̢ħ IV̵ɔř+Ǫ3&GSɚɿ'ʘ}aò´&	 
̴ 2-4C, D̵̷ư'-0.6 kb=-0.3 kb̴̢ħ III̵.GSɚɿ'Ǫ˗ȭ̱}aòȗƄ(*#&	 ̷
ɺDɚɿ̴KLN205̵+Ǫ3&̶-0.3 kb= 0 kb̴̢ħ IV̵.GSɚɿ'<>´}aòȗƄ(*#&
	 ̶̢ħ I, III'.GSɚɿ-ư̱}aòȗƄ'# ̴ 2-4C, E̵̷@=<>̶-0.3 kb=
0 kb̴̢ħ IV̵-´}aòGSɚɿ'- Fthl17-ȫț+:#(:̅&	?(ɳ=@?  ̷
GSɚɿ+? Fthl17-ȫț2-DNA}aò̅Cˀ3? 9̶XqJ]y_Fb\
HCʢ*# ̷-1.7 kb= 0 kb̢ħCƕ$uP_̴-1.7 kbuP_̵(-0.6 kb= 0 kb̢ħCƕ$u
P_̴-0.6 kbuP_̵̶)"=:}aòuP_'.̛}aòuP_<>:XqJ]
ǶŽƽƂ+ő# ̴ 2-4F̵̷6 ̶-1.7 kbuP_(-0.6 kbuP_'.̶XqJ]Ƕ
Ž+˯	.ʼ9=@*# ̷¬<>̶ɺDɚɿ(ċǛ+̶GSɚɿ+	&:-0.6 kb= 0 kb̢ħ
 15
-DNA}aò-´ Fthl17-ȫțʽŐ+˾ʫ*űêCƑ#&	?(Ƚę@ ̷GSɚɿ'.















©-ɚɿ'Ķ*Ŝ.ʬ=@*# ̴ 2-5B, C̵̷GSɚɿ<>Þò Ȟǥɚɿ'- Fthl17-ȫț
.DNA}aò+ì&̶H3K9me2åŵ&	?(Ƚę@  ̷
 
2.3.2. 5-Azacytidine+<? DNAʃ}aò- Fthl17ȫț̀+Ā5Ű  ̟
@6'-ɞǌ=̶-0.3 kb= 0 kb̴̢ħ IV̵-´}aòGSɚɿ'- Fthl17-̱ȫț+Ň
&	?(ɳ=@ ̷'̶ɺDɚɿ+	&̶ÔSj|ȭ*DNAʃ}aòè'? 5-
Azacytidine̴5-Aza̵CǾì̶<>´}aòȗƄ+?(' Fthl17-ȫț̀+ĳò?Cˀ3
 ̷ɺDɚɿ+ 5-AzaCǾì?('̶Fthl17Ƿ--0.3 kb= 0 kb̢ħʃ}aò@̶Fthl17
-ȫț̀ʘƵ ̴ 2-6A̵̷5-AzaCǾì ɺDɚɿ-DNA}aòm_(ȫț̀








*˔ÙĝĽPe@&	?C in silicoʱǉ+<#&ˀ3 ̷ JASPAR database; ConSite
CȠ	&ɞĊ?˔ÙĝĽ-ƞəCʢ*# (A̶ɺDɚɿ'- Fthl17-ȫț+˾ʫ(ɳ=@
 ̶´}aò&	?-0.6 kb=-0.3 kb-̢ħ+.̶Spz1, Thing1, TEF-1-ɞĊƁ@ ̴ 2-
7A̵̷GSɚɿ' Fthl17-ȫț+˾ʫ(@?-0.3 kb= 0 kb-̢ħ+. SP1-ɞĊVHe	$
ʬ=@ ̴ 2-7A̵̷ɔýɚɿ'̱ȫț&	?˔ÙĝĽ PLZF. SP1-ɞĊVHe+ɞĊ?(
ȷ=@&	? 15,16 9̶ǁÞòɔýɚɿ'- PLZF-Ŕģ+$	&-Ƴľ- ChIP-seqd_̴GenBank 
accession number GSR7339017̵'ȼʼ (A̶ǁÞò*ɔýɚɿ'. PLZF Fthl17Ƿ̢ħ--0.3 





ɺDɚɿ<>:.?+̱*#&	 ̷ -0.3 kb= 0 kb̢ħ̴̢ħ IV̵.GSɚɿ'.ɺDɚɿ
<>´}aòȗƄ(*#&	 ̶-0.6 kb=-0.3 kb̢ħ̴̢ħ III̵.GSɚɿ<>:ɺDɚɿ'
´}aòȗƄ(*#&	 ̴ 2-4E̵̷XqJ]y_Fb\H'.̶GSɚɿ(ɺDɚ
ɿ-ư+	&̶-0.6 kb= 0 kb̢ħ̴̢ħ III, IV̵-´}aò Fthl17-ȫțʽŐCŪˏ
&	?(CȽ ̴ 2-4F̵̷@=-ɞǌ<>̶GSɚɿ+	&̶-0.3 kb= 0 kb̢ħ̴̢ħ
IV̵-´}aò Fthl17-̱ȫț+̅&>̶ư'̶ɺDɚɿ+	&.̶-0.6 kb=-0.3 
kb̢ħ̴̢ħ III̵-}aòȗƄǪ˗ȭū	ȫțʽŐCŪˏ&	?(ɳ=@?̷ɺDɚɿ
+	&̶-1.4 kb=-1.0 kb̢ħ̴̢ħ I̵.ǣşɺɜɭ;ɔř̶GSɚɿ+Ǫ3&ƽƂ+´}aòȗ
Ƅ(*#&	?̴ 2-4E̵̷̶XqJ]y_Fb\H'.̶-0.6 kb= 0 kb̢ħ
̴̢ħ III, IV̵-´}aò̶ɺDɚɿ+? Fthl17-ȫțCʽŐ?-+õÞ'?(CȽ
&	?̷ì&̶̢ħ I-}aòȗƄ.̶Fthl17-ȫțu(ȴ̅ʬ=@*#  9̶̢ħ I-
}aòȗƄ.ȫț+̅&	*	(ɳ=@?̷=+̶-ɞǌ.̶Fthl17-ȫțu. Fthl17




ɺDɚɿ+	&DNAʃ}aòè'? 5-AzaǾì+<#& Fthl17-ʘ	ȫțƵȼʼ@ 
̴ 2-6A̵̷Fthl17Ƿ̢ħ+.̶˔ÙĝĽ Sp1-ɞĊVHe?̷ Sp1.Ô&-Ę̨-ɚɿ'ȫ
 17
țʬ=@?˔ÙĝĽ'>̶6 ̶ʓȭ+̶Sp1-_mPˌȫțu.˦şɚɿ<>:Dɚɿ







6@&	?̷GSɚɿ'- Fthl17-ȫț.ɔř-:-<>:̛ş+̱	̴ 2-4A̵ 9̶Fthl17.ɔýţ
ɚɿ'ÌÏȭ+ȫț&	?(ɳ=@̶zHPFH-d_̴ 2-4B̵:@Cƨƕ&	?̷















Ǫ3&̶XǏʔµ˴¯Ľ- TSS+H3K9me2ʚɄ&	? 14̷ɔǨɚɿ;ɔĽɚɿ' Fthl17Ƿ̢ħ-
H4K8ac;H3K27ac-ȀŒ.ʬ=@*# ̴ 2-5B, C̵̶Fthl17Ƿ̢ħ+H3K9me2-̒Ʉʬ=
@ ̴ 2-5A̵-.̶ˡ ((ʐ&	?̷<#&̶ɔǨɚɿ;ɔĽɚɿ'.-0.3 kb= 0 kb
´}aò+*#&	?+:B=̶Fthl17-ȫț.H3K9me2À̫?(+<#&ƌå@
&	?(ɳ=@?  ̷
 ǣşµɚɿɜɭ'. Fthl17.ȫț´̶ȫț-´	ǣşɺɜɭ+	&. Fthl17Ƿ̱}aò
ȗƄ'?(CÀıˁƬ+	&Ƚ ̷ǣşµɚɿɜɭ(Dɚɿ;Ȟǥɚɿ'-ɞǌCǪ˗?
 18




ľģ&	?(Ƚ@ ̴ 2-7̵̷-0.6 kb=-0.3 kb̢ħ+ɞĊVHeʬ=@? Spz1.	
$-zIZ-Dɚɿǒ'ȫțʬ=@̶ɚɿįǥ;ʆȩůƇ+̅&	?(	
Īđ? 26̷
=+̶-0.3 kb= 0 kb̢ħ+? SP1ɞĊVHeCʼ˃? PLZF.ɔýɚɿȖȦȭ˔ÙĝĽ'>̶




















3.1. ɦ  ʲ
Ɍ 2Ɋ'.̶CTA˴¯Ľ-0($'? Fthl17-ȫțåŵǟǚ+$	&ƶ=+ ̷zIZ CTA˴
¯Ľ-Ȟǥɚɿ(Dɚɿ+?ǟʁCƶ=+̶-Õ˦Ž;ŜȦCȝʱ<
(̶Fthl17-ǟʁ










CTA˴¯Ľ-ȫț6>ʬ=@*	 28,29̷'̶ǃɊ'. CTA ˴¯Ľ-ǟʁCˀ3?zIZDɚ
ɿǒ(&̶}jz(B16, B16C2W)̶ ɺDɚɿ(3LL, KLN205)̶Dɚɿ(Ehrlich, MM46, 
FM3A)̶ɷʌDɚɿ(Hepa1-6, MH134-TC)̶ʉʀDɚɿ(MBT-2)̶ûřDɚɿ(OV3121, HM-





3.2.1. ¹Ƞ ɚɿɃ 
ǃɊ'¹Ƞ ɚɿǒ+$	&ʿƶ?̷¹Ƞ Dɚɿǒ.}jz̴B16, B16C2W̵̶ɺD
ɚɿ̴3LL, KLN205̵̶Dɚɿ̴Ehrlich, MM46, FM3A̵̶ɷʌDɚɿ̴Hepa1-6, MH134-TC̵̶ʉ
ʀDɚɿ̴MBT-2̵̶ûřDɚɿ̴OV3121, HM-1(OV2944-HM-1)̵̶ɞʇDɚɿ̴colon-26̵C¹
Ƞ ̷HM-1, Hepa1-6, MBT-2.ȝòĿȹɇƉ-lHL^Z\_=Þ@ ̷OV3121.
JCRBɚɿlP<>ˍÓ ̷©-Dɚɿǒ+$	&.̶ì̳ôĿȹɇƉôȠɚɿˉȄ\_<>
»@ :-'?̷  
@=-Ĩ̬+.̶RPMI-1640 (sigma, Cat.No.R8758)+ɛȋŨ 10%+*?<
+ FBS (biosera, Cat.No.FB-






 siRNA (QIAGEN) 20 pmol+OPTI-MEMC˱̀ì̶50 µl+ ̷6 ̶Lipofectamine RNAiMAX 
(Invitrogen, Cat.No.13778-150) 2.0 µl+OPTI-MEM 48.0 µlCì̶50 µl+ ̷@=C@@ńȂ'
5 min̚ɯ ̷-Ų̶@=- siRNAȆǻ 50 µl( LipofectamineȆǻ 50 µlCǽĊ̶ńȂ' 20 min
̚ɯ ̷-ȆǻC̶lZeZqJPX-īĊ.ɚɿƆȊǻ 500 µl(ĊB&Ƥ̶24 
hrŲ+ĨĤ£ƢCʢ#  ̷
 ¹Ƞ ɚɿǒ(˴¯Ľ-ɜ7ĊB̶siRNA ID. 3-1+ʶ˘  ̷
 
3.2.3. ɚɿįǥȞľFb\H̴MTS assay  ̵
ɚɿ-įǥȞľ-ĳò.MTS assay+<#&ʺ̯ ̷MTS assay-ýȝ.MTT assay(45ċ'
>̶MTT+̨² ʔɘ'?MTSC¹Ƞ&	?̷MTS assay+. CellTiter 96® AQueous One 
Solution Cell Proliferation Assay (MTS) (Promega, Cat.No.G3580)C¹Ƞ ̷Ƨ¸Ɗ̡C¬+ʶ  ̷
 96 well-plateZR' control(KD-VsC duplicate'Ĩ̬̶yqJPX= 72 hŲ
+ CellTiter 96® AQueous One SolutionC 20 µl/well'Ǿì̶37, CO2HOu_Ö' 3 hHO




3.3.1. ɚɿįǥȞľ+̅B? CTA˴¯Ľ-ZPhQ 
ne CTA˴¯Ľ 270·>=ċł@ zIZ CTA˴¯Ľ 87˴¯Ľ-
"̶ÀıˁƬ'ǟʁCĪđ
 Fthl17( siRNAȠƂ'*# 3˴¯ĽC̋ 82˴¯Ľ+$	&̶2Ƀ̨- siRNAC¹Ƞ&˴
¯ĽjbP`ICʢ*# ̷Fb\H+.ĉ˴¯Ľƻ:̱ȫț&	?ɚɿǒ̴ 3-1- Cell 
line#1̵CȠ	 ̷jbP`I= 72 hŲ-ɚɿ+$	&ɚɿįǥ-Fb\H'?MTS assayCʢ*
	̶ɚɿƫ-ĳòCȼʼ ̴ 3-1A̵̷-ɞǌC 3-1B-H+Ƚ ̷Œ*(: 1Ƀ̨- siRNA













Ƀ̨- siRNA'ØțŽ< 1ê¬-ɚɿƫ-ĳòCȽ 47˴¯Ľ=̶ʪƫ-Dɚɿǒ'ǣşɜ
ɭ<>:̱ȫțʬ=@? 21˴¯Ľ̴ 3-2̶ 3-1'˴¯ĽČCĠ# ̵CʱǉŌ˅Ãʨ˴¯Ľ(
 ̷@=- 21˴¯Ľ+$	&̶2$Ȳ-ɚɿǒ̴ 3-1- Cell line#2̵+	&:ċǛ+̶2Ƀ̨-
siRNAC¹Ƞ&˴¯ĽjbP`ICʢ*# ̷jbP`I= 72 hŲ-ɚɿ+$	&ɚɿįǥ-





'>̶2$Ȳ-ɚɿǒ'Œ*(: 1$- siRNA' 1ê¬-ĳòCȽ ˴¯Ľ̶$6>ư-ɚɿ
ǒ' 1ê¬-ĳòCȽ ˴¯Ľ.̶Magea5, Magea8, Tekt5, Oip5, Ttk, Taf7l, Odf3, Akap3, Nxf2, Pbk- 10
˴¯Ľ'# ̷-
"̶2Ƀ̨-ɚɿǒ-ư'̶Œ*(: 1$- siRNA' 3ê¬-̧ʘ*ĳò
ʬ=@ ˴¯Ľ.̶Magea5, Akap3, Tekt5- 3$'#  9̶@=CʱǉŌ˅˴¯Ľ-Ãʨ(
 ̷@=- 3˴¯Ľ.	@:jbP`I+<#&ɚɿƫ-ȀŒȼʼ@ ̷Magea5.}j
z<>ȫʬ@ Dƍý'>̶MAGEAqE{.ȴċŽ̛ş+̱̶50-80%ċ-˸àC
ƽ&	?̷Dɚɿ+	&̶MAGEA.Dƌå˴¯Ľ'? p53ĊŅ?('D-ſŽò+







'? 9̶<>Ư *ȷʬCŴ?(ċƷ+D-ÑȧǱȪ2-Ư *_Sbe+*?ĆʁŽCɳ̶
 22















@ ̷º/̶Casc5. cell line#1̴Ehrlich̵'.jbP`I'ɚɿƫ-ȀŒʬ=@?̶cell line#2
̴MM46̵'.45ĳòʬ=@*# ̴ġ 3-1, 3̵̷6 ̶Odf3'. cell line#1̴MH134-TC̵'.j









4.1. ɦ  ʲ
Ɍ 3Ɋ+&Ŵ=@ ɚɿįǥZPhQ-ɞǌ=ʻɚ*ǟʁʱǉCʢ
˴¯Ľ(&̶Tekt5 
(Tektin 5)+ȶȲ ̷TektinqE{+. TEKT1, 2, 3, 4, 5- 5$-_mPˌ>̶@=.ɫǫ
;̞ǫ-ĴÆ˾ɚɐCůƇ?_mPˌ(ʲB@&>̶TEKT1, 2, 3.ar'ůƇ@ 
ŷőɐċı-ǎǞ(*>ĴÆ˾ɚɐCůƇ&	?̷Tekt5. 2012Ţ+Hanafusa=+<#&̶Ķʇ
D'ʬ=@? CTA˴¯Ľ-ƞə=ċł@ 35̶-ŲǛ*D'-ȫțȼʼ@ ̶Dɚ
ɿ'-ǟʁ.ƶ='*	̷Tekt5.be'á9&ċł@̶ɔĽ-̞ǫ+̱ȫț?(=̶ɔĽ













4.2.1. ¹Ƞ ɚɿɃ 
ɷʌDɚɿ̴MH134-TC̵̶ûřDɚɿ̴OV3121̵C¹Ƞ ̷ OV3121. JCRBɚɿlP<>
ˍÓ ̷©-Dɚɿǒ+$	&.̶ì̳ôĿȹɇƉôȠɚɿˉȄ\_<>»@ :-'
?  ̷
@=-Ĩ̬+.̶RPMI-1640 (sigma, Cat.No.R8758)+ɛȋŨ 10%+*?<
+ FBS (biosera, Cat.No.FB-




Ń̯+. C57BL/6JzIZ̴SLC̵C¹Ƞ ̷3&-zIZ.ƶƿ 12Ʒ̴̄8:00-20:00̵̶ƺƿ 12





ɚɿĒƿʱǉ.APC BrdU Flow Kit (BD Pharmingen, Cat.No.557892)C¹Ƞ ̷ɚɿĒƿʱǉ-Ɗ̡+$
	& 4-2+Ƚ̶ʱǉ?ɚɿVs-ȅÇ-Ƨ¸C¬+ʶ  ̷
 ɚɿC÷ɚɿò̶ƆȊǻ-ȗƄ'Ĝă ̷ɚɿƆȊǻC˰Ź̶ǿC̋þ& PBS'ƆȊ̶
Ø1˰Ź ̷ǿC̋þ̶BD cytofix/cytoperm 100 µl'ØƆȊ ̷@CńȂ' 15 min̚ɯ̶ɚ
ɿ-ĢłCʢ# ̷BD perm/wash 1 mlCì̶ƆȊ̶4̶1300 rpm, 5min˰Ź ̷ǿC̋þ̶
10% DMSO, 90% FBS 100 µl'ƆȊ ̷@C-80' overnight ̷-ȗƄ'ƻĶ 1˩̄¿ľĆʁ
'?̷VsCʱÛ̶FBS 1 ml'ƆȊ ̷4̶1300 rpm, 5min˰Ź̶ǿC̋þ ̷BD 
cytofix/cytoperm 100 µl'ØƆȊ̶ńȂ' 5 min̚ɯ?('ɚɿCØĢł ̷BD perm/wash 1 mlC
ì&ƆȊ̶4̶1300 rpm, 5 min˰Ź&ǿC̋þ ̷100 µl-DNase (Invitrogen, Cat.No.18047-
019, 300 mg/ml in PBS+ˀʩ)(̶100 µl- RNase A (Roche, Cat.No.10109169001, 1 mg/ml in PBS+ˀʩ)C
ì̶37' 60 minHOue ̷BD perm/wash 1 mlCì̶ƆȊ̶4̶1300 rpm, 5 min˰Ź
 ̷ǿC̋þ̶7-AADȆǻ 20 µlCì̶37' 60 minHOue ̷-Ų̶˲Ð 4
' overnight ̷ʱǉƷ.˱ß*ȋŨ+ BD perm/wash'Ş˽  ̷
 ȅÇ Vs.\FgHW cytomics FC500 (BECKMAN COULTER)'ʱǉ̶Ŵ=@ d
_C FlowJo'ʱǉ  ̷
 
4.2.4. FyeXZʱǉ 
FyeXZʱǉ. active Caspase-3̍Žɚɿ-êĊCʱǉ?('ʢ# ̷ʱǉ+. Caspase-3, 
Active Form, mAb Apoptosis Kit : FITC (BD Pharmingen, Cat.No.550480)CȠ	 ̷ʱǉ?ɚɿVs-
ȅÇ-Ƨ¸Ɗ̡C¬+ʶ  ̷
 ɚɿC÷ɚɿò̶ƆȊǻ-ȗƄ'Ĝă ̷ɚɿƆȊǻC˰Ź̶ǿC̋þ&Ú PBS'Ɔ
Ȋ̶Ø1˰Ź?('̶ɚɿCǵǸ ̷@C:
̸Ũɮ>˟ ̷ǿC̋̶BD 
cytofix/cytoperm 500 µl'ƆȊ ̷-ɚɿƆȊǻCǮ' 20 min̚ɯ?('̶ɚɿ-ĢłCʢ#
 25
 ̷ɚɿƆȊǻC 4̶1300 rpm, 5 min˰Ź̶ǿC̋þ ̷BD perm/wash 500 µl'ƆȊ̶4̶
1300 rpm, 5 min˰Ź ̷ǿC̋þ̶Ø1 BD perm/wash 500 µl'ƆȊ̶4̶1300 rpm, 5 min˰Ź
 ̷ǿC̋þ̶BD perm/wash 100 µl(Antibody 20 µlCǾì̶ƆȊ&ńȂ' 30 min̚ɯ ̷





&̶@@ 4% mw|Fdnf̴PFA̵Ģł(}_jĢłCʢ*# ̷4% PFAĢł'.̶
VsC PBS'ǵǸ Ų+ 4% PFACì̶ńȂ' 15 min̚ɯ ̷}_jĢł'.̶Vs
C PBS'ǵǸ Ų+ǮÚ }_jCì̶-20' 10 min̚ɯ ̷-Ų̶}_jC̋
þ̶F\eCì̶1 min̚ɯ ̷@@-Ģłǲ'Ģł Vs. PBS' 2ĜǵǸŲ̶
0.1% TritonX-100/PBSCì̶ńȂ' 15 min̚ɯ&ˤ˭Üȝ ̷PBS' 2ĜǵǸ̶10% FBS/PBS
Cì̶ńȂ' 1 hrbOQ ̷ǡƍµC 10% FBS/PBS+˱Ů*ȋŨ+*?<
+ì̶-
ƍµŞ˽ǻCVs+ì& 4'Ƹ̚ɯ ̷ǡƍµǻC̋þ̶PBS' 2ĜǵǸŲ̶ǡƍµ
(DAPIC 10% FBS/PBS+ì̶@CVs+ì&ńȂ' 1 h̚ɯ ̴˲Ð̵̷-Ų̶PBS
' 2ĜǵǸ̶Vectashield Mounting Medium (Vector Laboratories, Cat.No. H-1000) 'ōÓ ̷¹Ƞ ƍ
µ. 4-2+Ƚ  ̷
 
4.2.6. IKZ_rbe 
Ɵȶɚɿ+̶Lysis Buffer (50 mM Tris-HCl, 1% SDS)+ 1xc0mplete, 1xPhosStopCǾì ȆǻCì̶Ǯ
'ɨ;+̖ȱ?('ɚɿCȆʱ̶\ZPm+&ȆǻC̒9&Ĝă ̷Ĝă 
Ȇǻ.ǭǹũ^hR_̴Bioruputor UCD-300̶^hbPlHL̵+<#&ON 30 s (high), OFF 30 s
C 5Ĝɮ>˟^hRX ̷_mPˌ-ł̀.DC Protein assay kit (Bio-Rad, Cat.No. 
5000116JA)C¹Ƞ̶Lowryǲ+<#&zHPse`̴SpectraMax M2e, Molecular Devices̵
' 750 nmĐÐŨCȃł&ɏÝ  ̷
 _mPˌCł̀ Vs+̶4x Laemmli Sample Buffer (Bio Rad̶Cat.No. 161-0747)( 10x Sample 
Reducing agent̴Life technologies̶Cat.No. NP0009̵Cì̶70̶10 min'ĳŽ -"̶ǮÚ?̷
̕ǬǴð(eZqE+.Mini-CellObe̴invitrogen̵C¹Ƞ ̷NuPage Novex Bis-Tris Gel 10% 
(Invitrogen, Cat.No. NP0302)C\be̶lbqETF+ 1x NuPAGE MES SDS Running buffer (Invitrogen, 
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Cat.No. NP0002)+NuPAGE Antioxidant (Invitrogen, Cat.No. NP0005)C 500 ul/200 ml+*?<
+Ǿì 
:-C\be̶ÆlbqEal+. 1x NuPAGE MES SDS Running bufferC\be ̷S
-IJ+@@Vs̶ Precision Plus Protein Dual Color Standards (Bio-Rad, Cat.No. 1610374)CF
sH̶200 V, 35 minǴð  ̷
 20x NuPAGE Transfer Buffer (Invitrogen, Cat.No. NP0006) 20 ml̶NuPAGE Antioxidant 400 ul̶}_j 
40 ml̶ǭ 340 mlCǽĊ̶transfer bufferC¸ʩ ̷Immobilon -P PVDF Membrane (Millipore, Cat.No. 
IPVH00010)C}_j+ 30 sǺ -"̶ǭ'ǵǸ̶transfer buffer+Ǻ ̷Blotting pad; filter 
paper: transfer buffer+Ǻ&	 ̷̕ǬǴðɛB# =̶SCĄ>Ý̶al-qe
Æ= blotting pad x4, Filter paper, membrane, S̶filter paper, blotting pad x3(*?<
+\be ̷T
FalÖ+. transfer bufferCì̶ÆlbqEal+.ʙȥǭCì&̶30 V, 1 h˔
Ù  ̷
 ˔ÙŲ̶}rCĄ>Ý̶ʙȥǭ'˖ǭǵ̶5% skim milk/TBST (0.05% Tween-20 in TBS)'
ńȂ 1 hƘ(
?('rbOQ ̷ǡƍµC 1% skim milk/TBST'Ş˽̶@(}r
CkHrlbQ+Ó@̶4'ƸƘ(
 ̷}rCĄ>Ý̶0.05% TBST' 3ĜǵǸ
 ̷ǡƍµC 1% skim milk/TBST'Ş˽̶@(}rCkHrlbQ+Ó@̶ńȂ' 1 hƘ
(
 ̷}rCĄ>Ý̶0.05% TBST' 3ĜǵǸ Ų+ǖÝCʢ*# ̷ǖÝ. Clarity 
Western ECL substrateObe (Bio-Rad, Cat.No.170-5060)C¹Ƞ ̷}rC reagand+ 5 minǺ̶
LAS-3000̴ňıqH|̵'ȤËCĄŴ ̷¹Ƞ }r+ã-ƍµC&?īĊ+.̶Ze
bpQCʢ*# ̷Stripping buffer̴Tris-base 0.76 g, SDS 2 g, 2-}MseK_j 700 ulCʙȥ
ǭ' 100 ml(?̶HCl' pH6.8+ˀʩ̵+Ǻ̶50' 20 minƘ(
 ̷0.05% TBST' 4ĜǵǸ
̶-Ų.ċǛ+rbOQ̶ǡƍµ̶ǡƍµĂŻCʢ*#  ̷
 
4.2.7. ɔř+? in vivojbP`I 
Ȟ zIZ-ɔɚɐ+ siRNACHYJPX?('̶ɔř-Ȟǥɚɿ'-Ȳȭ˴¯Ľ-jb
P`ICʢ# ̷HYJPX+¹Ƞ? siRNAȆǻ.̶Accell Mouse Tekt5 siRNA SMARTpool 
(Dharmacon, Cat.No. E-051627-00-0020) / Accell Non-targeting Pool (Dharmacon, Cat.No. D-001910-10-20) C
@@ 5x siRNA Buffer (Dharmacon, Cat.No. B-002000-UB-100)' 100 uM+*?<
+Ş˽̶@=+
10x DPBSC 1/10̀, 0.4% emrȆǻ (sigma, Cat.No. T8154) C 1/40̀ì ̷HYJPX
pvbe.zHPNZɐ̴NARISHIGE, G-1, 1x90 mm̵Cs̴SUTTER INSTRUMENT, P-
97/IVF̵'Ū	&¸ʩ ̷ɔɚɐHYJPX+¹Ƞ ʦɯ-ÙȵC 4-3+Ƚ̶Ń̯-Ƿ@
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C 4-4+Ƚ ̷HYJPXpvbeÖ+ siRNAȆǻC 5 ulǳÓ̶pvbe-ÏCp\b
e'Ǝ>̶ȆǻÝ?(Cȼʼ ̷zIZ. C57BL/6J̶ȞŲ 8ƴC¹Ƞ ̷ȞŲ 8ƴ-zIZ.
̲˹ʝC¹Ƞ?(ʐǤ+ʏ?(ĵ	 9̶zIZCǮ̴¿Úè̵+˚U|'Ģł̶µȂC´
?('̶̲˹ȗƄ( ̷ʈ˶ćÆ+ 5 mmɂŨ-ß>˝7CÓ@̶µÖ=ɔřCŪ#Ŭ>Ý
̶ɔřC̗Ý ̷ʂɸC.&ɔř˛ÝɐCŪ#Ŭ>Ý̶ɔřɤ-Ź=Œ̓@ ɔř˛
Ýɐ+pvbeCæ̶ȆǻCǳÓ ̷ɔřÖ-ɔɚɐ̘Ǐ6>̶Ôµ̴ʤ̜- 8-9ê̵+Ȇǻ
ʢȁ# (CȲʮ'ȼʼ ̷ɔřCµÖ2ƈ̶Öȯ(ĴȯC@@ɩĊ ̷ȔÆɛ 





4.2.8. tzeOXKLY̴Hematoxylin Eosin; HE̵Ǐʔ 
 HEǏʔ.mqGßȔC¸Ƈ̶ʢ*#  ̷
ɔřɜɭ-mqGñĦ.̶̤Ǖʃʑ'ŀǘǤ zIZ=ɔřCĄ>Ý̶ɔřʜʊ+ 10ɎƉ
ɂŨɆC̃̶4% mw|Fdnf+Ǻ̶*!=+Ƙ(
& 4'Ƹ	 ̷ɔř 1 cm
¬?īĊ.̶mw|Fdnf+Ǻ&=ƫƷ̄Ų+ɔřCöÞ+ßƮ ̷ǻC 70% EtOH
+ɯƢ̶ńȂ' 1 hƘ(
 ̷ċǛ+̶ǻC 80%, 90%, 95%, 100% EtOH+ɯƢ&	# ̷100% 
EtOH'ʃǭŁ =̶cGXs\bV̴Leica, TP1020̵+\bcGQ̶100% EtOHC
2 h, OXC 2 h̶OXC 2 h̶mqGC 2 h̶mqGC 2 h'@@Ǻˤ ̷@
CȆ mqG'ñĦ̶mqGrbPC¸Ƈ̶5 um-ü'ZHZ&ZHfQ
Z+ˈ>ª  ̷
HEǏʔ.̶Vs-ˈ>ª&?ZHfQZC̶OX 5 min̶OX 5 min+Ǻ&ʃ
mqGCʢ	̶-Ų̶100% EtOH 2 min̶100% EtOH 2 min̶90% EtOH 2 min̶80% EtOH 2 min̶
70% EtOH 2 min̶ǭ 10 min+Ǻ&ǭǵ ̷Mayer's Hematoxylin Solution (Wako, Cat.No. 131-09665)+ 8 
minǺ̶-Ų 20 minǷǭǵ ̷1% Eosin Y (Wako, Cat.No. 058-00062)+ 3 minǺ̶ǭ+ 3Ĝ
= -"+ʃǭƧ¸'̶70% EtOH 1 min, 80% EtOH 1 min, 90% EtOH 1 min, 100% EtOH 1 min, OX 
2 min, OX 2 minCʢ*# ̷ƻŲ+ Permount (qEz̶Cat.No. 537-16271)+&ōÓ  ̷
 
 28
4.2.9. mqGßȔ=- RNAƐÝ 
mqGßȔ=- RNAƐÝ. RNeasy FFPE kit (QIAGEN)CȠ	&ʢ# ̷ƐÝƧ¸.̶Ǚ,@
@-Obe+ªŖ-seT+ų#&ʢ# ̷VsCñĦ mqGrbP=̶mq
GßȔC 5 um-ü' 4ǋß>Ý̶1.5 mlar+Ĝă ̷@+Deparaffinization Solution 
(QIAGEN)C 160 ulǾì̶xcPZ'ƥƒŲ̶56' 3 minHOue ̷-ŲşȂ+Ą>
Ý̶Buffer PKDC 150 ulì̶11,000 x g' 1 min˰Ź̶ŗ+ªŖ- proteinase KC 10 ulǾì̶
56̶15 min--" 80, 15 minHOue ̷ŗCƯ	ar+Ɂ̶3 minǮÚ -
"+ 20,000 x g, 15 min˰Ź ̷ǿCƯ	ar+Ɂ̶Vs- 1/10̀-DNase Booster 
Buffer( 10 ul-DNase IȆǻCì̶ńȂ' 15 minHOue ̷-Ų̶320 ul- Buffer 
RBC̶720 ul- 100% EtOHCì&VsCM|+Ɂ̶˰Ź&}r+ƛƚ ̷M
|+ 500 ul- buffer RPECì̶8,000 x g, 15 s˰ŹŲ̶500 ul- buffer RPECì̶8,000 x g, 2 min˰Ź
 ̷M|CʛC̃& 15,000 x g, 5 min˰Ź̶}rCȑ ̷M|CTPXa
r+Ɂ̶}r+ 14 ul- RNase-free waterCǾì̶15,000 x g, 1 min˰ŹȆÝ  ̷
 
4.2.10. mqGßȔ-ʟÐÑȧǏʔ 
ZHfQZ+mqGrbP= 5 um-ü'ZHZ ßȔCˈ>ª̶ȑ ̷.
9+̶Vs-ˈ>ª&?ZHfQZC̶OX 5 min̶OX 5 min+Ǻ&ʃm
qGCʢ	̶-Ų̶100% EtOH 2 min̶100% EtOH 2 min̶90% EtOH 2 min̶80% EtOH 2 min̶70% 
EtOH 2 min̶ǭ 10 min+Ǻ&ǭǵ ̷@C 20 mM Tris-HCl (pH9.0)+Ǻ&LePr'
95, 15 min'ˋǶòÜȝCʢ# ̷ˋǶòÜȝ VsCşȂ+Ą>Ý̶PBS' 3ĜǵǸŲ̶
0.1% TritonX-100/PBS+Ǻ̶ńȂ' 15 min̚ɯ&ˤ˭Üȝ ̷PBS' 3ĜǵǸ̶10% FBS/PBS
Cì̶ńȂ' 1 hrbOQ ̷ǡƍµC 10% FBS/PBS+˱Ů*ȋŨ+*?<
+ì̶-
ƍµŞ˽ǻCVs+ì& 4'Ƹ̚ɯ ̷ǡƍµǻC̋þ̶PBS' 3ĜǵǸŲ̶ǡƍµ
(DAPIC 10% FBS/PBS+ì̶@CVs+ì&ńȂ' 1 h̚ɯ ̴˲Ð̵̷PNAǏʔC
?īĊ.̶-Ų PBS' 3ĜǵǸ̶500ÂŞ˽ PNA-Alexa488 (Molecular probes)CVs+ì
&̶ńȂ' 30 min̚ɯ ̴˲Ð̵̷ƻŲ+ PBS'ǵǸ̶Vectashield Mounting Medium (Vector 
Laboratories, Cat.No. H-1000) 'ōÓ ̷¹Ƞ ƍµɍ. 4-2+Ƚ  ̷
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4.2.11. TEKT5-ʟÐ˙Ũ-ł  ̀
ɔřßȔCʟÐÑȧǏʔ̶TSC SP8 (Leica)+& TEKT5ʟÐȤËCĄŴ ̷ĉɔř+$	&̶ʤțĥ
ʬ=@&	? 5$-ɔɚɐC˳Ə̶ȤËCĄŴ ̷1$-ɔɚɐ+$̶5ɚɿ$- early 
spermatocyte, late spermatocyte, spermatid'- TEKT5-˙ŨCł̀ ̷ɔɚɐÖ-ĉZcY-Ȟǥɚɿ
'- TEKT5ʟÐ+$	&̶ĒĠ-ɔɚɐĴ-µɚɿ'- TEKT5ʟÐCĩȅ(̶ȴŌʟÐ˙ŨCɏÝ
 ̷  
 
4.3. ɞǌ 
4.3.1. Dɚɿ+? Tekt5 KD-ɚɿƫ2-Ű  ̟
ɚɿįǥZPhQ=̶OV3121ɚɿǒ+	& Tekt5 KD= 72 hŲ+ɚɿƫ-ȀŒÉčȼʼ
@ ̷Tekt5 KD= 24, 48, 72 hŲ-ĉ_H|yHe'-Ȟɚɿƫ-ĳòC 4-5A+Ƚ ̷ 48, 72 
hŲ'Teɚɿ+Ǫ3&KDɚɿ'ƽƂ+ȞɚɿƫȀŒ&	 ̷6 ̶MH134-TCɚɿǒ+
	&:̶72 hŲ'ċǛ-ɞǌȼʼ@ ̴ 4-5B̵̷6 ̶24 hŲ-KDïȚ.ɗ 9ê¬̶48 h
Ų'.ɗ 8ê(*#&	 ̴ 4-5C̵̷TEKT5_mPˌ-ȫț̀. 24 hŲ= 72 hŲ6'´ʬ
=@ ̴ 4-5D̵̷@<>̶Tekt5 siRNA+<?KD. Tekt5-ȫț̀CmRNAu̶_mPˌ
u'´CŪˏ&	?(Cȼʼ ̷ #&̶ZPhQ-ɞǌ(ċǛ+̶Tekt5 KD
'ɚɿƫƽƂ+ȀŒ?(ȼʼ@̶@. Tekt5-ȫț´+<?:-'?(ɳ=@  ̷
 
4.3.2. Tekt5 KDɚɿ-FyeXZɚɿĒƿ2-Ű  ̟
Tekt5 KD+<?Ȟɚɿƫ-´FyeXZ+<?:-Cƶ=+? 9̶Tekt5-ȫț<>
̱# ûřDɚɿǒ'?OV3121CȠ	&̶Tekt5 KDɚɿ( controlɚɿ'ǶŽò Caspase-3-Ǐʔ
Cʢ	̶-̍Žɚɿ-êĊCqVHe}_+<#&ʱǉ ̷Tekt5 KD'. control+Ǫ3&
si1'.ɗ 7Â̶si2':ɗ 3Â(̶FyeXZɚɿ-êĊƽƂ+įì&	?(ƶ=+*# 
̴ 4-6A̵̷=+̶ɚɿĒƿʱǉCʢ*# (A̶2Ƀ̨- siRNA+$	& Tekt5 KD+<#&G1
ƿ-ɚɿ-êĊƽƂ+įì&	?(ȼʼ@ ̴ 4-6B̵̷  
G1ƿ-åŵ+.̶p21, p27*)-ɚɿĒƿˀɑĝĽ̅B#&	?̷p21. Cyclin D-CDK4ʪĊµ;
Cyclin B-CDK1ʪĊµ+ɞĊ?(' CDKǶŽĊŅ?̶p27. Cyclin E-CDK2ʪĊµ+ɞĊ?
(' CDKǶŽĊŅ?̷ #&̶p21.G1ƿ(G2ƿ-˪ʢ-ư+̅B>̶p27.G1ƿ-
˪ʢ+̅B?ĝĽ'?̷<#&̶Tekt5 KDɚɿ+$	&.G1ƿ2-ʚɄ̧ʘ+ʬ=@&	? 9̶
G1ƿ= Sƿ2-Ɂʢ+źʫ* Cyclin E-CDK2-ǶŽò p27+<#&̇Ņ@̶ Sƿ2-Ɂʢ̇Ņ
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@&	?(Ɓ̶p27-ȫțĳòCˀ3 ̷p27-_mPˌȫț̀ĳòCȼʼ (A̶ KD 24 










	& TEKT5-ŔģCÑȧǏʔ+&ȼʼ (A̶TEKT5.b-III-tubulin(ÕŔģ&=̴ 4-
7A̵̶ŷőɐ+Ŕģ&	*	(ɳ=@ ̷<#&̶©- Tektin(.Ȧ*>̶ar(ȳƟȭ
+ȴ¸Ƞ&ǟʁ&	?-'.*	(Ơȃ@  ̷
'̶ûřDɚɿ+	& Tekt5CjbP`I ̐-ar2-Ű̟Cˀ3 ̷ Tekt5 
KDûřDɚɿ'.̶24 hŲ=b-III-tubulin-´ʬ=@̶48 hŲ+.ar-ɫɣȗ-XQ
gʬ=@**>̶ƮȔò-<







-ȫțƵȼʼ@ ̴ 4-8A,B̵̷=+̶ł̀ RT-PCR+&Hdac6-˴¯Ľȫț̀Cˀ3 (
A̶_mPˌȫț̀(ċǛ+ƵÉčȼʼ@ ̴ 4-8C̵̷ @<>̶Tekt5.HDAC6-ȫț
C˔Ùu'ƌå?Ê?(ɳ=@?  ̷
HDAC6-ȫțƵ Tekt5 KDɚɿ+?ar-ʃ˾ĊCŪˏ&	?Cˀ3? 
9̶Tekt5 KDɚɿ+HDAC6ȖȦȭ̇Ņè'? Tubastatin A (TBSA)CǾì ̷TBSAǾì̴+TBSA̵







Īđ=̶Tekt5 KD+<#& SMADsXQg+ĳò?-'.(ɳ ̷Tekt5 
KDɚɿ( controlɚɿ' SMAD3-ŔģĳòCÑȧǏʔ'ȼʼ ɞǌ̶Tekt5 KD' SMAD3-ǓɁʢ
2ÂɂŨ¢˪&	?(ƶ=+*# ̴ 4-10̵̷ #&̶Tekt5. SMAD3-ǓɁʢCƌå
?Ê?(ɳ=@?̷SMAD3. SMAD4;©-ʨĝĽ(ʪĊµCůƇ̶p27-˔ÙCʽŐ





11A̵̷6 ̶Ƴľ-zHPFHd_(GenBank accession number GSE4193) -Øʱǉ+<?(̶
Tekt5-ȫț̀.̶ɔýɚɿ<>:ɔǨɚɿ;ɔɚɿ'̱*#&>̶Þò+°#&-ȫțƵ
&	 ̴ 4-11B̵̷=+̶TEKT5_mPˌ-Ȟǥɚɿ+?ȫțZcYCȼʼ? 9+̶3
Ƽ̳-ƇµzIZɔř-ÑȧǏʔCʢ# ̷SCP3. spermatocytezM̶PNA(peanuts 
hemagglutinin). spermatidzM(*#&>̶@=+<#&Ȟǥɚɿ-ZcYCâã ̷
TEKT5. late pachytene spermatocyte=ɚɿˌ+&̱ȫț&>̶elongated spermatid6'̱ȫțCɣ
ƕ&	 ̴ 4-11C, D̵̷ #&̶TEKT5. late pachytene spermatocyte¬̈-ȞǥɚɿÞò+ǟ
ʁCƽ&	?ĆʁŽɳ=@  ̷
 






ɖ'?̶ɔɚɐHYJPX+<? in vivo 
knockdownCʢ# ̷J Dai=. in vivo knockdown'ɔɚɐÖ+ Rad51- siRNACHYJPX?
('̶ɔɚɐ- spermatocyteĹB@?(Cƶ=+̶ɔɚɐ2- siRNAHYJPX+<
#&Ȟǥɚɿ'-Ȳȭ˴¯Ľ-ǟʁCʱǉĆʁ'?(CȽ 40̷-ɖ'.̶ȞŲ 8ƴȲ̶20ƴ
Ȳ̴P8, P20̵-Ȟ zIZ-ɔɚɐÖ+ siRNACzHPHYJPX&>̶-̐+¹Ƞ
? siRNA.ɚɿŐÓ- 9-ʺʝ;uP_̶ǟěC¹Ƞ?(*ɜɭɚɿ+ŐÓĆʁ'?
Accell siRNA (Dharmacon)C¹Ƞ ̷@+<>̶eZqJPXʺʝ+<?ɚɿǩŽ:Ĝ˵
 32
?('?̷=+̶ǃ¹Ƞ ̶Accell siRNA- SMARTpoolʺʝ. 4Ƀ̨- siRNACǽĊ :
-'>̶̱	jbP`IïȚCɣƕ?((:+̶Lq_SbeïǌCƻő+&	?̷HYJ
PX siRNA.ɔɚɐÖ-ɚɿ+ 14ƴ̄ľģ? 40(ȼʼ@&>̶ɔĽůƇ˭ɂ+	
&Ȳȭ˴¯Ľ-jbP`IĆʁ(ɳ=@?̷C57BL/6zIZ'.̶ȞŲ 8ƴ̴P8̵'̑-Ȟǥɚɿ
.ȀƫÞʥ+Ó?(ʲB@&	? 41(=̶ǃɊ'. P8+& siRNACHYJPX?('̶
jbP`I-ɔĽůƇ2-Ű̟Cȼʼ  ̷
In vivo knockdown' Tekt5 siRNACȠ	?('̶ɔř'- Tekt5 KDCʺ7 ̷@@ P22, 296'̪
ɹ̶ɔřCĜă&ʱǉ ̷P22-ɔř'. control siRNA+Ǫ3& Tekt5 siRNACHYJPX
 ɔř-ɔɚɐ'Ȟǥɚɿ-ȀŒȼʼ@ ̴ 4-12A̵̷-ɔřßȔ-mRNACȠ	& Tekt5-
KDïȚCȼʼ (A̶siRNAHYJPX= 14ƴɝ˭ +:̅B=̶mRNAu
' 2ê¬-KDȼʼ@ ̴ 4-12B̵̷=+̶ÑȧǏʔ+&̶TEKT5-_mPˌȫțCȼʼ
 (A̶Tekt5 siRNAHYJPX+<#& TEKT5ʟÐ-´ʬ=@ ̴ 4-12C̵̷ĉZc
Y-Ȟǥɚɿ+& TEKT5-ȫț̀+ĳòʬ=@?Cˀ3? 9̶TEKT5ÑȧǏʔ-ɞǌ=̶
TEKT5ʟÐ-˙ŨCł̀?(' Tekt5 KDCȼʼ ̷-ɞǌ̶)-ZcY-Ȟǥɚɿ+	&
: Tekt5 siRNAHYJPXɔř' TEKT5-ʟÐ˙Ũ-´ȼʼ@ ̴ 4-12D̵̷ #
&̶mRNAu(̶_mPˌu-ư+	&ȫț´ȼʼ@ ɔř. Tekt5KD@&
	?(ɳ=@̶@C Tekt5 KDɔř(  ̷
Control siRNAHYJPXɔř̴controlɔř̵( Tekt5 KDɔř+&̶P22, 29@@'̶Ȧşɔ
ɚɐ-êĊCˀ3 ̷˦ş-ɔɚɐ-ȫˮ+Ǫ3&̶ɔɚɐ--ɚɿŒ**#&	 >̶Ǡ&	
 >̶ĵǓɚɿʬ=@ >?ɔɚɐC̶Ȧşɔɚɐ( ̴ 4-13A̵̷P22'.̶ controlɔř+
Ǫ3& Tekt5 KDɔř+&Ȧşɔɚɐ-êĊƽƂ+įì&	 ̶P29'. controlɔř( Tekt5 KD
ɔř'.Ŝʬ=@*# ̴ 4-13B̵̷@.̶siRNAɔɚɐ'. 14ƴľģ'*	 9̶
P29'.KD-ïǌ´̶Tekt5-ȫț̀Ml@ (ɳ=@?  ̷
Tekt5 KDɔř'.̶ɔɚɐÖ-ȞǥɚɿŒ**#&	?(Ƚę@ ̶ȞǥɚɿÞò-)-
ZcY'Ȧşʬ=@?-Cȼʼ? 9̶spermatocytezM'? SCP3̶spermatidzM
'? PNACȠ	&ÑȧǏʔCʢ# ̷Tekt5 KDɔř'. control+Ǫ3& PNA̍Žɚɿľģ&	
?ɔɚɐŒ*	<
+ʬ ̴ 4-13C̵̷'̶PNA̍Žɚɿʬ=@?ɔɚɐ-êĊ(̶1ɔɚ
ɐ >- PNA̍ŽɚɿƫCł̀ (A̶Tekt5 KDɔř'. control+Ǫ3& PNA̍ŽɚɿƽƂ





Dɚɿ+	&. Tekt5 KD+<#&HDAC6-_mPˌȫț̀-įìʬ=@ ̷ȞǥɚɿÞò+
? Tekt5(Hdac6-ȫțĳòCˀ3? 9̶ĉZcY-Ȟǥɚɿ+?Hdac6-ȫț̀ĳòC
Ƴľ-zHPFHd_(GenBank accession number GSE4193) CȠ	&Øʱǉ ̷-ɞǌ̶
Hdac6.ȞǥɚɿÞò+°#&ȫț´&	(Ƚ@ ̴ 4-13E̵̷ #&̶Ȟǥɚɿ+




ǃɊ'.̶Dɚɿ(Ȟǥɚɿ'- Tekt5-ǟʁCȽ ̷Dɚɿ'. Tekt5 KD+<#&ar
-ŀłò+<>ƮȔòȞ̶-ɞǌ SMAD3ǓɁʢ?(' p27-˔ÙC¾˪&G1ƿ2
-ʚɄC: = ̷@<>̶Tekt5.Dɚɿ'ar-ŀłò+̅&̶ɚɿįǥ+ǣ-
ưč+Ê	&	?(Ƚę@ ̷ư'̶Ȟǥɚɿ+	&.̶TEKT5. late pachytene spermatocyte
=̱ȫțʬ=@̶Tekt5 KDɔř+	&. spermatidÞò̇Ņ@?(=̶Tekt5. spermatid
Þò+źʫ*˴¯Ľ'?ĆʁŽɳ=@  ̷
Dɚɿ+	& TEKT5.b-III-tubulin(ÕŔģ*	(Ƚ@̶ar+ȳƟ¸Ƞ&	































+̶Ȟǥɚɿ'.ɔĽ-ůƄůƇ+̅&	?̴ 4-14̵  ̷
ǃɊ'.̶ɔɚɐ2- siRNAHYJPX+<? in vivo knockdown+& Tekt5-Ȟǥɚɿ+?
ǟʁʱǉCʺ7 ̷-ɖ.̶siRNACɔɚɐ+HYJPX?('ȞǥɚɿȖȦȭ*jbP`
I'?(;̶jbPFIezIZ-¸ʩ+Ǫ3&?ƴƫȸ	(*)̛ş+ƽȠ*ɖ(*










































@ º.6!*	̶@=-D'.̶įǥĝĽ-ǶŽ̱# >̶Þòáƿ-D'# >?






























̴cancer/testis antigen gene; CTA gene̵(Ĕ/@&	?̷@6'+ȫʬ@& CTA˴¯Ľ-+.
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ǶŽCƑ#&	  9̶åŵ̢ħ-¹	Þ+<#&̶-ȫț̀Cåŵ&	?(Ơȃ@ ̷@=
<>̶Fthl17˴¯Ľ.Dɚɿ(GSɚɿ'Õ˦&̶Ƿ-DNA}aòȗƄ+<#&ȫțu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KD+<#&ɚɿƫ-ʘ	ȀŒʬ=@ Tekt5˴¯ĽCǟʁʱǉ-Ō˅(  ̷
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.̶ɔɚɐ+ siRNACzHPHYJPX? in vivo knockdown-ɖCäȠ̶Tekt5-Ȟǥɚɿ
+?ǟʁCƶ=+<
(ʺ7 ̷P8-zIZɔř+ Tekt5 siRNACHYJPX?(
'̶HYJPX= 14ƴŲ- P22' Tekt5-Ȟǥɚɿ'-jbP`Iȼʼ@ ̷Tekt5 KD
ɔř.̶P22, P29'Ȧşɔɚɐĵʬ=@̶spermatidÞòƌå@&	?Éčʬ=@ ̷@<
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Gene Symbol (position) Primer sequence (5’-3’) 
Quantitative RT-PCR primers 
Fthl17 F GTTGTACAGCTCAAGTGCCTG  
R CCAGTCATAGTTCTGCTGCAT  
Arbp F AGATTCGGGATATGCTGTTGGC  
R TCGGGTCCTAGACCAGTGTTC  
Bisulfite sequencing primers
















Primers for cloning Fthl17 promoters
Fthl17  ( -1.7 kb) F (+SpeI) GACTAGTGACCTCAGAACAAGCC
R (+BamHI) GGATCCAAGAACACAGTCCC
Fthl17  (-0.6 kb) F (+SpeI) ACTAGTGCACCAACACTCCTATCA
R (+BamHI) GGATCCAAGAACACAGTCCC
48





















I II III IV
















I II III IV
p < 0.0001 p = 0.4604 p = 0.0027 p < 0.0001




















Fv	6<9AL2-1x	n=3, ***p<0.001 (B) eY9$?>/A+








(E)Zn	UI-1.4 kb-1.0 kbUII-1.0 kb-0.6 kbUIII-0.6 kb-0.3 kb
UIV-0.3 kb 0 kbx	DV<@DVGBz75%GCz25%Gx	












































































































































































(A) Fthl17$;-0.6 kb-0.3 kbK2L-0.3 kb0 kbK2I(/3D."#!	
ConSite
JASPARG:M -0.6 kb-0.3 kbK2ConSiteSpz1, Thing1, TEF-1D.%<
LD. >,@M -0.3 kb0 kbK2JASPARSP1D. 
6J*2A7?HL&E@M(B) 9)+B-CFFthl175’$
;K2LPLZF5184ChIP-seq#=G:MChIP-seq#(GSE73390)




Gene Symbol Cell line#1 Cell line#2 siRNA#1 ID siRNA#2 ID
4930550L24Rik B16 Mm_4930550L24Rik_2 Mm_4930550L24Rik_4
Acrbp OV3121 Mm_Acrbp_4 Mm_Acrbp_5
Adam2 B16C2W Mm_Adam2_2 Mm_Adam2_5
Akap3 OV3121 FM3A Mm_Akap3_3 Mm_Akap3_4
Akap4 Hepa1-6 Mm_Akap4_13 Mm_Akap4_16
Amhr2 MM46 Mm_Amhr2_1 Mm_Amhr2_3
Ankrd45 OV3121 Mm_4933409K03Rik_3 Mm_Ankrd45_2
Arx B16C2W Mm_Arx_1 Mm_Arx_2
Atad2 B16 Mm_Atad2_4 Mm_Atad2_3
Brdt MH134-TC Ehrlich Mm_Brdt_7 Mm_Brdt_5
Calr3 OV3121 Mm_Calr3_2 Mm_Calr3_3
Casc5 Ehrlich MM46 Mm_2310043D08Rik_1 Mm_2310043D08Rik_4
Ccdc110 B16C2W Mm_Gm172_4 Mm_Gm172_3
Ccdc33 Hepa1-6 Mm_4930535E21Rik_4 Mm_4930535E21Rik_3
Ccdc36 FM3A Mm_LOC434438_3 Mm_LOC434438_4
Ccdc62 OV3121 Mm_Gm150_4 Mm_Ccdc62_1
Ccna1 OV3121 Mm_Ccna1_3 Mm_Ccna1_4
Cep55 Hepa1-6 Mm_1200008O12Rik_2 Mm_1200008O12Rik_1
Cpxcr1 KLN205 Mm_Gm1143_1 Mm_Gm1143_4
Crisp2 colon-26 Mm_Crisp2_1 Mm_Crisp2_4
Dcaf12 KLN205 Mm_Wdr40a_2 Mm_Wdr40a_3
Dkkl1 MH134-TC Mm_Dkkl1_1 Mm_Dkkl1_4
Dmrt1 MM46 Mm_Dmrt1_2 Mm_Dmrt1_4
Dnajb8 FM3A Mm_Dnajb8_3 Mm_Dnajb8_4
Dppa2 colon-26 Mm_Dppa2_1 Mm_Dppa2_2
Elovl4 OV3121 Mm_Elovl4_2 Mm_Elovl4_4
Fbxo39 MBT-2 OV3121 Mm_LOC628100_1 Mm_LOC628100_2
Fmr1nb FM3A Mm_Fmr1nb_5 Mm_Fmr1nb_6
Gpat2 MH134-TC Mm_A530057A03Rik_3 Mm_A530057A03Rik_4
Gpatch2 OV3121 Mm_Gpatc2_2 Mm_Gpatc2_4
Hormad1 OV3121 Mm_Hormad1_3 Mm_Hormad1_2
Hormad2 3LL Mm_Hormad2_5 Mm_Hormad2_7
Igf2bp3 Hepa1-6 Mm_Igf2bp3_2 Mm_Igf2bp3_5
Il13ra2 KLN205 colon-26 Mm_Il13ra2_6 Mm_Il13ra2_8
Kdm5b HM-1 Mm_Jarid1b_5 Mm_Jarid1b_7
Kif2c Hepa1-6 Mm_Kif2c_1 Mm_Kif2c_3
Ldhc FM3A Mm_Ldh3_1 Mm_Ldh3_3
Lemd1 FM3A MM46 Mm_Lemd1_5 Mm_Lemd1_7
Mael Ehrlich Mm_4933405K18Rik_4 Mm_4933405K18Rik_2
Magea5 OV3121 B16 Mm_Magea5_2 Mm_Magea5_3
Magea8 OV3121 B16 Mm_Magea8_2 Mm_Magea8_3
Mageb3 colon-26 Mm_Mageb3_1 Mm_Mageb3_4
Morc1 FM3A B16C2W Mm_Morc_1 Mm_Morc_3
Nlrp4c B16 Mm_Nalp4c_1 Mm_Nalp4c_2
Nol4 colon-26 Mm_Nol4_5 Mm_Nol4_7
Nuf2 Hepa1-6 Mm_Cdca1_3 Mm_Cdca1_4
Nxf2 Ehrlich MM46 Mm_Nxf2_2 Mm_Nxf2_4
Odf3 MH134-TC MBT-2 Mm_Odf3_4 Mm_Odf3_5
Odf4 Hepa1-6 Mm_Odf4_1 Mm_Odf4_4
Oip5 OV3121 KLN205 Mm_Oip5_5 Mm_Oip5_2
Pbk MH134-TC OV3121 Mm_Pbk_2 Mm_Pbk_4
Piwil2 MH134-TC Mm_Piwil2_3 Mm_Piwil2_2
Plac1 B16C2W Mm_Plac1_2 Mm_Plac1_1
Prame 3LL B16C2W Mm_4930534P07Rik_3 Mm_Prame_5
Prm1 OV3121 Mm_Prm1_3 Mm_Prm1_4
Prm2 colon-26 Mm_Prm2_2 Mm_Prm2_3
Prss50 FM3A Mm_MGI:2447303_3 Mm_MGI:2447303_6
Prss54 OV3121 Mm_4931432M23Rik_1 Mm_4931432M23Rik_2
Prss55 MM46 Mm_4933401F05Rik_1 Mm_4933401F05Rik_3
Rnf17 FM3A Mm_Rnf17_3 Mm_Rnf17_2
Ropn1l MBT-2 Mm_Ropn1l_5 Mm_Ropn1l_2
Serpina5 KLN205 Mm_Serpina5_5 Mm_Serpina5_6
Spa17 OV3121 Mm_Spa17_4 Mm_Spa17_3
Spaca3 Hepa1-6 Mm_Spaca3_5 Mm_Spaca3_6
Spag1 MM46 Mm_Spag1_5 Mm_Spag1_6
Spag17 Hepa1-6 Mm_LOC100048815_1 Mm_LOC100048815_3
Ssxb2 B16 Mm_Ssxb2_3 Mm_Ssxb2_5
Syce1 Hepa1-6 Mm_Syce1_1 Mm_Syce1_2
Syce2 MH134-TC Ehrlich Mm_Syce2_1 Mm_1700013H19Rik_4
Taf7l FM3A MBT-2 Mm_Taf7l_3 Mm_Taf7l_1
Tdrd1 FM3A Mm_Tdrd1_1 Mm_Tdrd1_3
Tdrd6 FM3A Mm_Tdrd6_3 Mm_Tdrd6_4
Tekt5 OV3121 MH134-TC Mm_3300001K11Rik_2 Mm_3300001K11Rik_4
Tex101 FM3A OV3121 Mm_Tex101_3 Mm_Tex101_4
Tex14 MH134-TC Ehrlich Mm_Tex14_1 Mm_Tex14_4
Tex15 OV3121 Mm_Tex15_4 Mm_Tex15_2
Theg FM3A Mm_Theg_4 Mm_Theg_3
Tmprss12 Hepa1-6 Mm_Tmprss12_2 Mm_4930478A21Rik_2
Tsga10 Hepa1-6 Mm_Tsga10_1 Mm_Tsga10_3
Tssk6 KLN205 Mm_MGI:2148775_3 Mm_MGI:2148775_2
Ttk OV3121 KLN205 Mm_Ttk_6 Mm_Ttk_7




















































siRNA#1 exp.1 siRNA#1 exp.2 siRNA#2 exp.1 siRNA#2 exp.2
KLN2053LL
































siRNA#1 exp.1 siRNA#1 exp.2




















































































































































siRNA#1 exp.1 siRNA#1 exp.2 siRNA#2 exp.1 siRNA#2 exp.2
FM3AMM46Ehrlich






















































































































































siRNA#1 exp.1 siRNA#1 exp.2 siRNA#2 exp.1 siRNA#2 exp.2
Hepa1-6 MH134-TC
C3-1 CTAv3FdjDV]H%#-/(.$yCell line#1z
(A) djDV]H%#-/(.$UpC|siRNA djK8	{ 72 hO]djMTS assay
{@7NXI
]djQr5	|(B-H) djDV]H%#-/(.$MTS assayeS
{mk dj(B){el dj(C){i dj(D){1 dj(E){+,)/*dj(F){<M dj(G){
















































































siRNA#1 exp.1 siRNA#1 exp.2 siRNA#2 exp.1 siRNA#2 exp.2
OV3121 HM-1
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FH]m_lung1, 20$ =8JFH]m_liver1, 20$ =8IQFH]m_bladder1, 20$ 
=8OLFH]m_colonC57BL6/J$ [6';Z\=8GMFH]ovaryC57BL6/J$ [3'
;Z\=8,6FH]normal breast (mammary gland)=8)NFHN.D.=Not Detected.









































































































































































































































































































Gene Symbol Primer sequence (5’-3’) 





Arbp F AGATTCGGGATATGCTGTTGGC  




Antibody/reagent Species Dilution Company Cat.No.
anti-beta-III-tubulin Rabbit 1:1000(WB)/1:200(IF) sigma T2200
anti-HDAC6 Rabbit 1:1000(WB) CST #7612
anti-GAPDH Rabbit 1:2000(WB) CST #2118
anti-Smad3 Rabbit 1:2000(WB), 1:400(IF) Abcam ab40854
anti-TEKT5 Rabbit 1:2000(WB), 1:200(IF) Thermo PA5-21157
anti-beta-III-tubulin Mouse 1:200 Invitrogen MA1-118X
anti-p27kip Mouse 1:1000(WB) SantaCruz sc-1641
anti-a-tubulin Mouse 1:1000(WB) Wako 017-25031
anti-acetylated-a-tubulin Mouse 1:1000(WB) SantaCruz sc-23950
anti-SCP3 Mouse 1:400(IF) Abcam ab97672
































































(A) *3=?EOV3121FsiRNA2(24, 48, 72 h5-8;/4DMTS 
assayA7Hn=5.  (B) >@=?EMH134-TCFsiRNA2(72 h5-8;
/4DMTS assayA7Hn=3 . (C)  *3=?EOV3121FTekt5KD):0
CRT-PCRA7HN.D. = Not Detected. n=3. (D) *3=?EOV3121FTEKT5&
B$!#	KD):& %A7H6&Multi GuageE1.#
"F	A7GGAPDH,9
0CHn=3. Contcontrol siRNA, KDTekt5 siRNA si1'<























24 h 48 h
***
N.D.

















































































F@LGAPDH6A	8HMn=3.  Contcontrol siRNA, KD
Tekt5 siRNA si1.C	M *p<0.05, **p<0.01, ***p<0.001 
p27kip
GAPDH
Cont. KD Cont. KD


































24 h 48 h
control












%#)	&*.Bar=10 µm (B) 
 '(,OV3121-	siRNA24 h, 48 h"
'(
b-III-tubulin%#).





































Acetylated a-tubulin, HDAC6, a-tubulin$;"!
KD&5$#
:3A2$Multi Guage>/+!
 ?:3@GAPDH*4	.=AHDAC6n=5, ac-a-tubulinn=3, *p<0.05, 























































































4-9 "#HDAC6%Tubastatin A &

































24 h 48 h
control








(A)  #OV3121$	siRNA24 h, 48 h
 
SMAD3!%




















































(A) #K4TEKT5+G>NUBar= 10 µm (B) :5#%$(RGSE4193SA3K/















(A) Tekt5:+HE1>	:+Tekt5B(64CEBar=200 µmE(B) $:+"
2mRNA.!Dreal-time RT-PCRTekt5B(64C)C
En=6. (C) $:+
















































































de-jQcdb`pbar=25 µm. (B) Control siRNA+(+cCTekt5 
siRNA+(+cC\Ecdb6:pP22n=6, P29n=9p(C) Control siRNA+
(+cCTekt5 siRNA+(+cCmP22ncdb57WI2]Nf_ip(D) P22
PNAlHdeA<cdb6:1cdbPNAlHdeJpn=5. (E) KA'*
















































































































































































































ǃȹɇ.̶ǇóĶĿȞĕɀĿȹɇɀ ȞĕǟʁɀĿŎƩ ÞòØȞåŵÞ˿ ǇóĶĿì̳ôĿȹɇƉôȠ
ɚɿˉȄ\_+	&ʢB@ :-'?̷ȹɇcz-ʷł=ǃˁƬ-ŁƇ+ʏ?6'̶ɛĻ




 ¤˷ĶĿĶĿ̊ôĿȹɇɀƪƜ ɒý	̎Ĉ	øı+ƃ˂ȣ6  ̷
ƴ-dGZMbX-'̶ƽȰ*ŵƂʬ̶ŵƖŐ	6̶ǇóĶĿì̳ôĿȹɇƉôȠɚɿ
ˉȄ\_íƪ Ǌ ̍š øı̶ĸȡ øÍ øı̶ʞ ȢŞĽ øı*=1+̶ ċȹɇƉʆȩȞȕĿ
Þ˿íƪ Ķĭ ƅ øı+Ź<>ŵȾȣ6  ̷
 ȹɇȞǶCˢ?+ >̶	$:ƨ&	6 ̶ǇóĶĿì̳ôĿȹɇƉôȠɚɿˉȄ\_
-ȮǛ+ƃ˂ȣ6  ̷
ƻŲ+̶ĶĿ̊ȞǶ+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